Abstract. Adrenocortical carcinoma (ACC) is a rare, highly malignant tumor. The aim of the present study is to evaluate the prognostic relevance of a proliferation marker Ki67/MIB1 by immunohistochemistry in 17 cases who underwent resections of the primary tumors and diagnosed to have ACC at Tohoku University Hospital based on the criteria of Weiss during the period from 1976 to 2005. The follow-up periods ranged from 221 days to 10659 days (about 29 years) with the median of 1895 days. The median age at diagnosis was 46 years old, and the mean size of the primary tumors was 7.1 cm with the minimal of 3.5 cm. Ki67/MIB1 labeling index (Ki67/MIB1LI) ranged from 1% to 26%. Kaplan-Meier analysis revealed that patients with Ki67/MIB1LI of 7% or more were associated with significantly shortened disease-free survival (P = 0.0037). The evaluation with Weiss criteria revealed that the median score of Weiss criteria was five, and 13 patients (76.5%) presented positive findings in the criteria of mitotic rate. The survival analysis with Weiss score showed that patients with the scores of 6 or more had both significantly shortened disease-free survival (P = 0.0001) and overall survival (P = 0.0063). The present study has suggested that Ki67/MIB1LI, as well as Weiss score, is a useful predictor for tumor recurrence after resection of the primary tumors in patients with ACC.
ADRENOCORTICAL carcinoma (ACC) is a rare, highly malignant tumor with an annual incidence of approximately two cases per million population and overall five-year survival rate of 16-38% [1] [2] [3] . The prognosis of patients with ACC depends largely on surgical resectability [4] . An increasing number of adrenal tumors have been discovered because of technological advances in imaging modalities such as computed tomography (CT) and magnetic resonance imaging (MRI) [5] , suggesting the possibility that an increasing number of smaller ACCs can be detected as adrenal incidentalomas. It is, therefore, important to diagnose ACC accurately and efficiently among these adrenal incidentalomas and to make an appropriate strategy for treatment.
The diagnosis of ACC has been made according to the criteria of Weiss [6, 7] , which is a well-validated and established scoring system for a histopathological diagnosis of ACC [1, 8] . ACC is documented to dem-onstrate high recurrence rate of up to 85% [1, 9] , and histological and molecular markers for prediction of tumor behavior are therefore considered to be one of major concerns. For example, in a series of 124 patients with ACC, Stojadinovic et al. revealed that as many as 84% of patients who underwent 'curative' resections of localized primary tumors demonstrated recurrences in their median follow-up period of 4.7 years [9] . The assessment of risk for future recurrences after resection of the primary tumors may therefore help to develop a rationale for adjuvant therapies.
To date, a number of molecular and histological markers have been studied to evaluate their efficacy to predict biological behaviors of ACC. A histological marker of Ki67/MIB1 labeling index (Ki67/MIB1LI) has been widely validated as a prognostic marker in various tumors [10, 11] , and demonstrated to be effective in differentiating ACC from adrenal adenomas [8, [12] [13] [14] [15] [16] [17] . Its prognostic value to predict clinical outcome of ACC is, however, yet to be determined.
In the present study, we examined expression of Ki67/MIB1 by immunohistochemistry in 17 cases of ACC to evaluate the efficacy of this marker as a prognostic indicator for clinical courses following resections of the primary lesions.
Materials and Methods

Patients, tissue specimens, and follow-up
We reviewed records of 17 patients who underwent surgical resections of the primary lesions of ACC from 1976 to 2005 at Tohoku University Hospital, Sendai, Japan. Tissue specimens of ACC were obtained during surgery, and fixed in 10% formalin and embedded in paraffin wax. The diagnosis of ACC was made by two pathologists (TS and HS) according to the criteria of Weiss [6, 7] .
The follow-up period was started when the histopathological diagnosis of ACC was given, and terminated when a patient was deceased or at the end of 2005 when a patient was alive. Complete follow-up data were available for all patients. The following data were collected for each patient: demographics, localization and size of tumors evaluated by CT and/or MRI, tumor staging at initial presentation assessed by the Sullivan modification of the McFarlane system with TNM definitions [1, 18, 19] , hormonal data at initial presentation, disease status at the end of followup, date of last follow-up, date and cause of death, and additional therapies including administration of mitotane. The resection of the primary tumor was considered to be curative in all cases except for one case (corresponding to case 1 in Table 1 ), which exhibited a metastatic lesion at lung at the time of the first surgery. Additional treatments, including mitotane regimen, were given at the discretion of physicians in charge of each patient's care. Written informed consents were obtained from all the patients, and this study was approved by the Ethics Committee of Tohoku University School of Medicine.
Immunohistochemistry for Ki67/MIB1
Immunohistochemistry for Ki67/MIB1 was performed using 3 µm slices from paraffin-embedded specimens and Histofine immunostaining kit (Nichirei Co. Ltd., Tokyo, Japan), as previously reported [16] . The monoclonal antibody against Ki67 (MIB1) (Immunotech, Luminy, France) was used at optimal dilution of 1 : 50. Phosphate buffered saline (0.01 mol/ liter, pH 7.4) or normal mouse IgG was used instead of the primary antibody as negative controls, and no immunoreactivities were observed in these control sections.
Before counting, the areas for analysis were assessed by two of the authors (TS and RM). In all of the cases, 5 to 10 high power fields (400-folds) were selected, and at least 1000 cells were independently evaluated by two of the authors (TS and RM). The number of Ki67/ MIB1-positive cells per 100 adrenocortical cells was designated as the labeling index. The cases in which interobserver differences were more than 5% were reevaluated together by the two authors mentioned above using a multi-headed microscope. We obtained the mean of the values in the cases in which inter-observer differences were less than 5%. Intra-and inter-observer differences were 3.7% and 4.2%, respectively.
Statistical analysis
Overall survival (OS) was calculated from the date of diagnosis to the date of death from any cause. Patients alive at the end of the follow-up were censored. Disease-free survival (DFS) was calculated from the date of diagnosis to the date of recurrence diagnosed by CT and/or MRI findings. Patients without any recur- rence during the follow-up periods were considered as a censored case at the end of the follow-up or at the date of death from other causes than ACC. All statistical analyses were carried out using JMP software version 6.0 (SAS Institute, Cary, NC, USA). Correlations of Ki67/MIB1LI with clinical variables were examined by χ 2 test with a cross-table for ordinal and nominal variables, and evaluated using a one-way analysis of variance for continuous variables. Univariate survival analysis was conducted using the KaplanMeier method, and differences between survival curves were tested for significance using the log-rank test. The 17 patients were divided into two groups following the cut-off values of Ki67/MIB1LI and score of Weiss criteria, respectively. The cut-off values were determined by the decision tree/partition platform provided by JMP software version 6.0. P values less than 0.05 were considered statistically significant.
Results
Clinical findings
The follow-up periods ranged from 221 days to 10659 days (about 29 years) with the median of 1895 days. The clinical features of the 17 patients (6 males and 11 females) are summarized in Table 1 . The median age at diagnosis was 46 years old, and the mean size of the primary tumors was 7.1 cm with the minimal of 3.5 cm. In 15 patients (88.2%), mitotane therapy was initiated at some point of their follow-up periods, and the dosage varied between 1 and 10.5 g/ day. Following removal of the primary lesions, resection of locally recurrent lesions with nephrectomy was performed in two patients (case 9 and 17), and metastatic lesions of lung and bones were resected in patients corresponding to case 1 and 14, respectively. Clinical variables of sex, age at diagnosis, stage at initial presentation, size, laterality, and hormonal function of the primary tumors showed no significant correlations with Ki67/MIB1LI, as shown in Table 2 .
Analysis of Ki67/MIB1LI and Weiss score
The analysis of the 17 patients with Ki67/MIB1LI and Weiss score is shown in Table 3 . Ki67/MIB1LI ranged from 1 to 26% with the mean of 7.9%. The representative presentations of Ki67/MIB1-positive nuclei are shown in Figure 1B, 1D , and 1F. The evaluation with Weiss criteria revealed that the median score of Weiss criteria was five, and 13 patients (76.5%) presented positive findings in the criteria of mitotic rate.
The cut-off value, 7% of Ki67/MIB1LI, which was determined by the decision tree/partition platform, was used to divide the 17 patients into two groups ( Fig. 2A,  2B ). Univariate survival analysis revealed that Ki67/ MIB1LI equal to or greater than 7% was associated with significantly shortened DFS (P = 0.0037; Fig.  2A ), whereas it was not associated with shortened OS (P = 0.1615; Fig. 2B ). Univariate survival analysis with Weiss score showed that patients with the scores of 6 or more had both significantly shortened DFS (P = 0.0001; Fig. 2C ) and OS (P = 0.0063; Fig. 2D) .
Discussion
The present study demonstrated that Ki67/MIB1LI may have prognostic relevance to predict recurrences after resection of the primary tumors. Immunohistochemical analysis with Ki67/MIB1 has been widely performed in various human malignancies, and its role both as a diagnostic tool and as a prognostic factor has been well established [10, 11] . In human ACC, a high mitotic rate has been reported to be a significant and independent marker of poor clinical courses [18] , and Ki67/MIB1LI was significantly related to mitotic count [12] and other parameters of cell proliferation such as expression of DNA topoisomerase type IIa [14] and p27 [16] . Previous studies including ours reported that the cut-off values of Ki67/MIB1LI between 2.5% and 5.0% reliably differentiated ACC from adrenal adenomas [8, [12] [13] [14] [15] [16] [17] 20] . The information on the role of Ki67/MIB1LI as a predictor of clinical courses was limited, however, in patients with ACC [9, 21] .
McNicol et al. reported that patients with Ki67/ MIB1LI of over 3% had significantly shortened DFS, and that stratification with Ki67/MIB1LI of 3% showed no significant differences in overall survival [21] . In contrast to the present study, they showed no clear reason for cut-off value of Ki67/MIB1LI 3%, and included 13 patients who underwent subtotal resections and 2 patients without indication for resection of the primary tumors [21] . The report by McNicol et al. [21] and the present study commonly showed, however, that survival analysis with Ki67/MIB1LI was useful in predicting the duration of relapse-free state, but not the duration of survival. This may be due to the fact that expression of Ki67/MIB1 reflects only the proliferating capability of tumors [12, 14, 16] , but not other properties, such as their transformative, invasive, and metastasizing abilities, all of which might determine the biological behaviors of these tumors and overall prognosis of patients. Furthermore, Stojadinovic et al.
showed no significant differences in disease-specific survival when 31 patients were stratified according to the cut-off value of Ki67/MIB1LI 5% [9] . Another finding shown in the present study is that the survival analysis with score of Weiss criteria was effective in predicting overall survival, probably because analysis with Weiss criteria includes not only proliferating ability but also other malignant potentials of invasion, atypia of tumor cells, and so forth. The present study included a limited number of patients who were diagnosed and followed up at a single institution. Further prospective studies with larger number of cohorts consisting of multiple institutions are therefore required to validate the usefulness of Ki67/MIB1LI as a prognostic indicator. In addition, 15 out of the 17 patients had mitotane, and the time to initiate and/or terminate mitotane regimens and the dosages were arbitrarily determined in the present study. We could not exclude a possibility that mitotane regimen affected the clinical courses of these patients regardless of the pathological status of Ki67/MIB1LI and Weiss scores.
In conclusion, the present study has suggested that Ki67/MIB1LI, as well as Weiss score, has prognostic relevance to predict tumor recurrence. High levels of Ki67/MIB1LI may suggest progressive diseases rather than indolent clinical courses after resection of the primary tumors, and may justify aggressive adjuvant therapies to such patients. respectively. B and D; Overall survival stratified by Ki67/MIB1 labeling index and Weiss score, respectively. All curves were examined by log-rank test for significant differences. Ki67/MIB1LI, Ki67/MIB1 labeling index.
